There has been growing interest in developing methods to use a woman's risk factor profile to estimate her risk of breast cancer. Women and their clinicians are increasingly encouraged to use risk estimates derived from statistical models, primarily that of Gail et al. (1) , to aid decision making regarding potential breast cancer prevention options, including chemoprevention with tamoxifen.
The original model of Gail et al. ["model 1" (1)], developed in 1989 among a case-control study subsample of regularly screened women participating in the Breast Cancer Detection and Demonstration Project (BCDDP), estimates the absolute risk (probability) that a woman in a program of annual screening will develop invasive or in situ breast cancer over a defined age interval. Statisticians modified the original Gail et al. model to predict specifically the risk of developing invasive breast cancer. This modified model, referred to as "model 2" (2), was used to determine eligibility for the Breast Cancer Prevention Trial (BCPT) (3) . The modification of model 1 to model 2 was accomplished by substituting age-specific invasive breast cancer rates for white women from the Surveillance, Epidemiology, and End Results (SEER) 1 Program (4) for the breast cancer incidence rates observed in the BCDDP and by use of attributable risk estimates from SEER to obtain the baseline hazard rates (2) . We focus on this Gail et al. model 2 in our validation analysis.
We consider not only the calibration of the Gail et al. model 2 (i.e., its ability to predict incidence in groups of women, often referred to as goodness of fit) but also its discriminatory accuracy, the ability to separate individuals who will go on to develop different outcomes (5) . The discriminatory accuracy of statistical models is rarely discussed, yet if a model is indicated for use in the clinical setting to separate individual patients into distinct groups, as is the Gail et al. model 2, such accuracy is relevant. Currently, the U.S. Food and Drug Administration (FDA) guidelines state that women aged 35 years and older with a 5-year risk of breast cancer of 1.67% or greater, as estimated by the Gail et al. model 2, are eligible for prophylactic use of tamoxifen. The manufacturer of Nolvadex (tamoxifen), AstraZeneca Pharmaceuticals LP, Zeneca Inc., Wilmington, DE, now advertises this 1.67% risk cut point as "the line" in breast cancer risk (6) , implying that this cut point can be used to meaningfully segregate high-and low-risk individuals.
If the average predicted risk for a group of individuals with a certain risk factor profile is 0.10 and the actual proportion of persons in this group who develop disease over the considered time interval is 0.10, the model's predictions are well calibrated, and the model is said to fit well. A discriminating model is one that produces a wide distribution of estimated probabilities and whose estimated probabilities for persons who actually develop disease are consistently larger than the probabilities for individuals who remain disease free. A model that assigns everyone in a population the same estimated probability of disease, say 0.05, is well calibrated if 5% of the population actually develops disease, but the individual estimated probabilities are uninformative because the model has no discriminatory ability (5) .
To our knowledge, the discriminatory accuracy of neither the original nor the revised model of Gail et al. has been described. The calibration of the Gail et al. model 1 has been assessed in at least four independent populations (2, (7) (8) (9) . The model was found to overpredict among younger women who were not in a program of regular screening (7, 9) . The Gail et al. model 1 performed better at younger ages, in terms of agreement between expected and observed numbers of cases, among women who were being screened regularly (2, 8) .
Costantino et al. (2) recently assessed the validity of model 2 with respect to a 5-year risk prediction among white women in the placebo arm of the BCPT who had no history of lobular carcinoma in situ and who were receiving annual screening. Overall, the expected (E)/observed (O) ratio was 1.03 (95% confidence interval [CI] ‫ס‬ 0.88 to 1.21) , indicating that the model was well calibrated in this population.
Here, we evaluate the performance of the Gail et al. model 2 with respect to predicting 5-year risk of invasive breast cancer among white women in the Nurses' Health Study (NHS) cohort. We assess model calibration as well as discriminatory accuracy.
SUBJECTS AND METHODS
Details of the algorithm and parameters of the Gail et al. models 1 and 2 have been reported previously (1, 2, 10) . Both models 1 and 2 contain the following risk factors: age at menarche (ജ14 years, 12-13 years, or <12 years), number of previous breast biopsies (0, 1, or ജ2), presence of atypical hyperplasia in a biopsy specimen (yes or no), age at first live birth (<20 years, 20-24 years, 25-29 years or nulliparous, or ജ30 years), number of first-degree relatives with a history of breast cancer (none, mother or sister, or mother and sister), and age. Both models include interaction terms between number of biopsies and age category (<50 years and ജ50 years) and between age at first birth and number of affected first-degree relatives. As mentioned above, model 2 predicts only invasive breast cancer and employs SEER-derived, age-specific rates of breast cancer rather than rates derived from the BCDDP. Both models allow calculation of the probability of developing breast cancer for a woman of any age between 20 and 80 years and with any pattern of the above risk factors over any specified time interval.
To obtain 5-year risk estimates from the Gail et al. model 2, we employed a FORTRAN code (BCPT.FOR, May 12, 2000) obtained from the National Cancer Institute (NCI) (Gail M, Benichou J, Pee D [Information Management Services, Rockville, MD]: personal communication). This code is the underlying calculating machine, the "Driver Routine," used by the NCI Risk Disk. We conducted extensive checking of the risk estimates obtained from this FORTRAN code for our sample against the risk estimates provided by the interactive Risk Disk for women with identical risk factor profiles and found no discrepancies.
We conducted our validation study in an independent population of women from the NHS. This prospective cohort study began in 1976, when 121 700 married women who were registered nurses aged 30-55 years returned a detailed questionnaire on medical history and lifestyle factors. Subsequent questionnaires have been mailed every 2 years. The population is predominantly (>98%) white, reflecting the ethnic/racial makeup of women who trained as registered nurses in the 1940s, 1950s, and 1960s. Further details on the study, including information on disease confirmation, are published elsewhere (11, 12) . The protocol for the study was approved by the Human Subjects Research Committee of the Brigham and Women's Hospital (Boston, MA).
We restricted our analyses to the 5-year period from 1992 to 1997 to correspond to the period of time during which the BCPT was conducted. (When the original model of Gail et al. was revised for the BCPT, part of the revision was an update of the incidence rates used to estimate the expected baseline risk of breast cancer that would be consistent with the time period of the trial, from 1992 forward.) There were 104 064 women who responded to the 1992 NHS questionnaire. Of these, 95 743 women either were followed disease free through the 1998 survey or developed breast cancer within 5 years of the 1992 survey. Of these 95 743 women, 85 468 had no history of major disease (cardiovascular disease or cancer, including lobular or ductal carcinoma in situ) at baseline. We restricted this sample to white women only who had complete data on the required risk factors in 1992; we were thus left with a starting cohort of 81 209 women aged 46-71 years in 1992. From this pool, 1354 women developed breast cancer within 5 years of the return date of their 1992 questionnaire.
On the basis of our questionnaire data, we were able to classify women with regard to only ever/never history of previous benign biopsy, rather than 0, 1, or greater than or equal to two biopsies as specified in the Gail model. Therefore, all women who reported ever having a biopsy were treated in the model as if they had reported one biopsy. Only a small subset of women in the NHS who reported previous biopsies have been classified with regard to presence of atypical hyperplasia. These women were part of a nested case-control study of benign breast disease and breast cancer. The details of the selection of this subset from the whole cohort, as well as the methods of classification of atypical hyperplasia status, are described elsewhere (13) . Of the control women with biopsy specimens, 10.3% were identified as having atypical hyperplasia. Thus, we estimate that approximately 2.1% (20.3% with history of biopsy × 10.3% with atypical hyperplasia) of our baseline cohort for this analysis had atypical hyperplasia. Although we were unable to consider atypical hyperplasia status in the main analyses using the entire cohort, and thus assigned all women with a history of benign breast biopsy to the unknown atypical hyperplasia status category, we conducted secondary analyses on the subset of women (n ‫ס‬ 83) known to have atypical hyperplasia to examine their risk of breast cancer as estimated by the Gail et al. model 2. The Gail model treats women who have an unknown atypical hyperplasia status because they have not had a biopsy, or because they don't remember ever having a biopsy, exactly as women with no history of atypical hyperplasia, with respect to risk estimation. However, women who have had at least one biopsy but their atypical hyperplasia status is unknown because they don't know the results of the pathologic assessments are assigned a slightly higher estimated risk than those with no history of atypical hyperplasia.
We compared the expected and observed numbers of breast cancer case patients by age group as well as by risk factor category, including categories of the interaction terms specified in the Gail et al. model 2. We present data on expected and observed numbers of cases, not only for the total sample but also for the subset of the sample who reported in 1992 that they had received a screening mammogram within 1 year before the baseline (approximately two thirds of the baseline sample of 82 109, or 55 301, women reported such a screening mammogram). We also present data on the expected and observed numbers of cases stratified by estimated 5-year risk (<1.67% and ജ1.67%). The analysis on women with an estimated risk greater than or equal to 1.67% (n ‫ס‬ 27 225) allows for more ready comparison with the results of Costantino et al. (2) , because a 5-year risk of 1.67% or higher was a criterion for entry into the BCPT. The expected number of cases over the 5-year period was calculated by summing the estimated individual risk for each woman predicted by the models, given the covariate values for each woman at the 1992 baseline. The 95% CIs for the E/O ratios were calculated with the use of the Poisson variance for the logarithm of the observed number of cases as follows:
95% CIs interval for EրO ratio
We evaluated the discriminatory accuracy of the 5-year risk prediction in several ways. First, we estimated the concordance statistic, an index of predictive discrimination based on the rank correlation between predicted and observed outcomes (14) . Potential values of the concordance statistic range from 0.5 to 1.0. The value of the statistic represents the probability that, for a randomly selected pair of individuals, one diseased and one nondiseased, the diseased individual has the higher estimated disease probability. A concordance statistic of 0.5 for a risk model means that the model producing the estimated probabilities performs no better than chance at ranking diseased and nondiseased individuals; 50% of the time the diseased person will have the higher estimated probability, while 50% of the time the nondiseased person will. A concordance statistic of 1.0 means that the model performs perfectly at ranking diseased and nondiseased individuals. The concordance statistic is exactly equivalent to the area under a receiver-operating characteristic curve created by computing sensitivity and specificity, with respect to true disease outcome, at all estimated risk cut points from 0 to 1.0. To produce the concordance statistic, we used a logistic regression model to regress breast cancer status at the end of the 5-year followup on the corresponding estimated risks from the Gail et al. model 2.
Finally, we grouped the estimated 5-year risks into deciles and computed the relative risk for being diagnosed with breast cancer during follow-up, comparing women in the highest decile of estimated risk with those in the lowest. All statistical tests were two-sided. Table 1 shows the age distribution of the NHS sample in 1992 along with percentages of the sample in the various risk factor strata considered in the Gail et al. model 2. The relative risks from the NHS data are also presented, alongside the relative risks from the BCDDP, which are used in the Gail et al. model 2. In computing these relative risks, we used data from 1986 through 1997, to have a larger number of cases. The differences between the relative risks from the two samples are largest for the cross-classified (age at first birth × number of first-degree relatives) exposure strata pertaining to two or more first-degree relatives with breast cancer. The relative risks in these strata for both of the samples are imprecise; the proportions of women in both samples who fell into these strata were small.
RESULTS
The range of estimated 5-year risks was 0.56%-10.14% for women who remained disease free. Risk estimates covered a somewhat smaller range among the women who developed disease, from 0.54% to 7.51%. The median estimated 5-year risk in women who remained disease free was 1.41%, slightly lower than that of women who developed breast cancer (1.58%).
The range of 5-year estimated risks among the subset of women known to have atypical hyperplasia was smaller than those ranges given above. Among the 83 women who were diagnosed with atypical hyperplasia by 1992 and who also had complete data on the other risk factors in the model, the range of the 5-year estimated risk was 1.08%-6.68%. The median 5-year risk was 1.99%.
Based on the above data and on our previously stated estimate that approximately 10% of all women with a history of biopsy have atypical hyperplasia (amounting to approximately 2.1% of the entire cohort), we can infer that the distribution of estimated 5-year risk in this cohort is little affected by knowledge of atypical hyperplasia status. Our results below thus pertain to the entire cohort, where all of the women who had biopsies were treated as "atypical hyperplasia status unknown" as mentioned previously. Table 2 presents data on observed and expected numbers of cases in the full sample. The overall ratio of expected to observed number of cases during 5 years of follow-up was 0.94 (95% CI ‫ס‬ 0.89 to 0.99). There was little variation by age group, although there was a slightly greater underprediction in the younger age groups (<60 years). The CIs pertaining to the E/O ratios in the age groups were all fairly narrow, and all but one included the value of 1.0. The E/O ratios that deviated most from 1.0 pertained to the strata with small numbers of cases, and thus the ratios were quite imprecise. For instance, there were 12 cases that occurred in the 5-year period to women with a first birth before age 20 years and with no affected first-degree relatives; 6.62 cases were expected, for an E/O ratio of 0.55 (95% CI ‫ס‬ 0.31 to 0.97). Only one case was observed among women with an age at first birth of 20-24 years and two or more affected first-degree relatives, while 8.23 were expected, leading to the largest E/O ratio in Table 3 presents the same data as in Table 2 , now restricted to the subset of women who reported in 1992 that they had had a screening mammogram in the previous year. In this subset, the overall E/O ratio was 0.93 (95% CI ‫ס‬ 0.87 to 0.99), very close to that found in the full sample. The stratum-specific E/O ratios were also very similar between this subset and the full sample. Again, the E/O ratios that deviated most from 1.0 were those pertaining to the strata with small numbers of cases. We observed no cases in the stratum of women with an age at first birth of less than 20 years and two or more first-degree relatives. Tables 4 and 5 present data on expected and observed numbers of cases for the total sample, stratified on an estimated 5-year risk. Table 4 contains data on women with an estimated risk of less than 1.67%. The underprediction in this sample was somewhat greater in the total sample; the overall E/O ratio was 0.86 (95% CI ‫ס‬ 0.80 to 0.92). There was no consistent pattern in the E/O ratios by age. Again, the most extreme ratios occurred in the sparse risk factor strata; in many strata, the E/O ratio could not be estimated because there were no observed and/or no expected cases. In this low-risk subsample, not surprisingly, there were few women with a family history of breast cancer. Table 5 contains data on women with an estimated 5-year risk of 1.67% or greater. In this subsample, there was a slight overprediction. The overall E/O ratio in this subsample was 1.04 (95% CI ‫ס‬ 0.96 to 1.12), the same E/O ratio that was observed in the validation study by Costantino et al. (2) among women of similar high-risk status. Once again, in our sample, there was no consistent pattern in the ratios by age, and the highest E/O ratios were found in the sparsest strata. Table 6 presents data on the discriminatory accuracy of the Gail et al. model 2 in our cohort. The first column pertains to the total sample. The concordance statistic for the Gail et al. model 2 when used to estimate 5-year risk in the full sample was 0.58 (95% CI ‫ס‬ 0.56 to 0.60), indicating that the model performs statistically significantly better than chance (0.5) at discriminating at the individual level between women who will develop disease over a 5-year period and those who will not. This concordance statistic of 0.58 means that there was a 58% probability that a randomly chosen woman in the cohort who developed breast cancer during 5 years of follow-up had a higher estimated risk than a woman who remained disease free. We divided the women into deciles of estimated 5-year risk and calculated the relative risk for actual development of breast cancer over the 5-year period, comparing those women in the top decile of estimated risk with those in the bottom decile. This relative risk was 2.83 (95% CI ‫ס‬ 2.19 to 3.65). We computed sensitivity and specificity of the medical indicator cut point of 1.67% 5-year risk, with respect to development of breast cancer. In this cohort, 44% of the 1354 women who developed breast cancer between 1992 and 1997 had a 5-year estimated risk of 1.67% or greater. Of the women who remained free of breast cancer, 66% had an estimated 5-year risk lower than this cut point.
The second column of Table 6 pertains to the subsample of women who reported a screening mammogram in the year before 1992. The concordance statistic, relative risk comparing top to bottom decile of estimated risk, and sensitivity and specificity were all very similar to those found in the full sample.
The recent analysis by Gail et al. (15) provides, to our knowledge, the only information currently available on expected risks and benefits associated with chemoprevention of breast cancer with tamoxifen. According to this analysis, among white women with a uterus, the age-risk groups that are estimated to experience a significant (P<.10) net gain from chemoprevention with tamoxifen are women 35-49 years of age (regardless of an estimated 5-year risk) and women aged 50-59 years with an estimated 5-year risk greater than or equal to 6.0%. Among white women without a uterus, the following groups are expected to benefit: all women aged 35-49 years (regardless of 5-year risk), women aged 50-59 years with an estimated 5-year risk of 3.0% or greater, and women aged 60-69 years with an estimated 5-year risk of 5.5% or greater. We had data on the women's hysterectomy status (33.7% of the women in our sample in 1992 had no uterus) and thus were able to calculate the proportion of women in this sample who belonged to the above significant net-benefit groups as well as the proportion of the 1354 breast cancer cases that arose from these groups. Only 2.3% of the women in this sample fell into the above significant net-benefit groups, 1.3% into net-benefit groups pertaining to women with a uterus and 1.0% into net-benefit groups pertaining to women without a uterus. A slightly higher proportion of cases in the total sample, 3.3% of the 1354 cases, arose from the significant net-benefit groups (1.8% of the total cases arose from the netbenefit groups pertaining to women with a uterus and 1.5% from the groups pertaining to women without a uterus). These findings imply that, if only women in our sample who fell into the net-benefit groups had been given chemoprevention with tamoxifen (2.3% of the sample), approximately 1.6%-1.7% of breast cancer cases would have been prevented over a 5-year period [3.3% multiplied by the relative risk of 0.5 observed in the BCPT (3)].
DISCUSSION
In this article, we examined both goodness of fit (as reflected in E/O ratios) and the discriminatory accuracy of the Gail et al. model 2 in the NHS cohort.
While the discriminatory accuracy of models of disease risk is rarely examined, it is key to the use of epidemiologic risk equations for clinical risk prediction among individuals. Traditional goodness-of-fit tests do not assess this accuracy. To our knowledge, this is the first analysis of the performance of this model in a general, i.e., not exclusively high-risk, population of U.S. women.
With regard to goodness of fit, we found that the Gail et al. model 2 fit well in all age groups and in virtually all risk factor strata. Ratios of expected to observed numbers of cases deviated strongly from 1.0 only in those strata with very small numbers of cases; thus, these extreme E/O ratios were very unstable. The E/O ratio of 0.94 in the total sample indicated very modest underprediction. The E/O ratio of 1.03 among women with an estimated 5-year risk of 1.67% or greater was identical to that observed by Costantino et al. (2) among women with equivalent risk, supporting the belief that results from our sample of nurses are generalizable. The goodness of fit of the model among the subsample of screened women in our cohort was nearly the same as that observed in the total cohort (0.93).
What might account for the modest degree of model underprediction in these data? Because we lacked data on atypical hyperplasia status for the women who reported a history of breast biopsy and information on numbers of biopsies beyond at least one, a small subset of women in our cohort would have been assigned an artificially low 5-year risk estimate from the model. Consequently, the expected numbers of cases would have been artificially low. The estimated relative risks used in Table 4 . (Table 1) ; the direction of this discrepancy would have tended to lead to overprediction by the model, not underprediction. However, discrepancies between the two sets of relative risks were modest in the strata containing the large majority of our sample; where discrepancies between relative risks were large, there were few women and few cases in the strata. Thus, it is unlikely that differences in relative risks had a large effect on our overall findings. Goodness of fit of the Gail et al. model 2 in the recently screened (within 1 year before baseline) subsample of our cohort did not differ from that observed in the total sample: Overall, we observed very modest underprediction (E/O ratio ‫ס‬ 0.93), with the CIs of most stratum-specific E/O ratios including 1.0. In their validation of the original model of Gail et al. in the NHS cohort, Spiegelman et al. (9) noted that differences in mammographic screening rates may have explained part of the overprediction of the model at younger ages because this model used incidence rates from the regularly screened BCDDP sample, and women in the NHS cohort were likely being screened at lower rates than the BCDDP population. By advancing the time of diagnosis of progressive cases of breast cancer, screening tends to increase rates at low ages, with a compensatory decrease at older ages (16,17) . However, in our analysis, the younger age groups tended to show the greatest degree of underprediction, albeit to only a modest degree still. Furthermore, any differences in screening between the BCDDP and the NHS are less relevant with respect to model 2 compared with the original model of Gail et al. Model 2 employs SEER incidence rates, not BCDDP incidence rates. An assertion that that model 2 is appropriate for use only among women undergoing regular screening implies that the magnitudes of the relative risks from the BCDDP were determined by the annual screening of this population. Clearly, relative risks are not invariant across study populations; magnitudes will vary, depending on relative distributions of other risk factors or covariates, for instance. Published analyses from the BCDDP have relied on the assumption that the relative risks obtained in this study are generalizable outside the select group of women volunteering for participation in a large screening study (18) .
It seems likely that, with regard to the BCDDP, screening frequency is more closely related to incidence rates than to relative risks for the established risk factors and that the substitution of SEER incidence rates for incidence rates derived from the BCDDP has made model 2 more appropriate than model 1 for widespread use in populations that are not necessarily being screened annually. Clearly, the women who comprise the SEER incidence rates could not be called "a regularly screened popu- lation." Although we do not have information on whether nurses in our cohort are being screened annually, it is likely that this group of health professionals is getting screened at rates higher than those in the general population of women. This may help explain, in part, the slightly greater underprediction at younger ages.
Our results regarding discriminatory accuracy have implications for the use of the Gail et al. model 2 in clinical counseling. Most women who developed breast cancer over the 5-year follow-up had low estimated risks, and the distributions of estimated risks for cases and noncases were nearly indistinguishable. The concordance statistic for the model was better than a pure-chance 0.5 but was still relatively low. The modest discriminatory accuracy of the Gail et al. model 2 is not unexpected nor is it an attribute of this model alone. Given the low relative risks associated with most established breast cancer risk factors, it is unlikely that any breast cancer risk prediction model will have high discriminatory accuracy. It is possible that models incorporating additional predictive variables, such as plasma estrogen levels (19, 20) , mammographic density (21), or more complex information on family history of breast and ovarian cancers (22, 23) , may perform somewhat better at individual discrimination.
In clinical counseling using the Gail et al. model 2, many women who are going to develop breast cancer will not be advised to consider chemoprevention with tamoxifen, while, concomitantly, a very large number of women who will remain disease free may be advised to take such action based on the FDA eligibility guidelines. The potential public health consequences of widespread tamoxifen use are implied in the detailed analysis by Gail et al. (15) , which shows that tamoxifen chemoprevention will cause net public health losses precisely in the large segments of the U.S. female population from which the bulk of breast cancer cases arise, that is, women aged 50-79 years with intact uteri and with estimated breast cancer risk not very different from age-specific average risks. In the NHS sample analyzed here, only 3.3% of breast cancer cases that occurred over a 5-year period arose from women in age-risk strata estimated to have statistically significant health gains from tamoxifen use (15) . The remaining 96%-97% of the cases arose from women in age-risk strata not expected to have such significant gains (some of these strata are likely to experience significant net health losses, although Gail et al. do not attach statistical significance estimates to the strata with negative health indices). Obviously, our estimate of 3.3% is dependent on the age structure of our sample; if we had had a sample of younger women (e.g., <50 years of age), the estimate of the proportion of cases arising from significant net-benefit groups would have been larger. This 3.3% is not a parameter estimate but rather a sample-dependent quantity, which, in this analysis of a general population of women ranging in age from 45 to 71 years, is surprisingly low.
The tamoxifen risk/benefit analysis of Gail et al. (15) is, to date, the only such analysis available on this important topic and, consequently, we have used the findings here. However, Gail et al. point out the limitations of their analysis and the need for further research and modeling in this area. It is unlikely that further research will change two key messages, however, both articulated by Rose (24) . Rose noted that a preventive strategy designed to meaningfully reduce the population burden of disease will have to be widespread among the population; he also noted that a preventive strategy based on pharmacologic agents will, by necessity, be limited in its use and thus will not have a large impact on population disease burden, since the bulk of disease cases do not arise from the high-risk tail of the risk distribution but rather from the mass of the population with estimated risk right around average. The analysis by Gail et al. (15) illustrates the problem of considering chemoprevention of breast cancer with tamoxifen as a meaningful prevention strategy. If such a strategy is limited appropriately to women in groups estimated to experience net benefits, the impact on total disease burden will be small.
The Gail et al. model 2 of breast cancer risk is the first cancer risk prediction model to be widely disseminated to both the public and health-care professionals. To remain relevant for use in the clinical setting, the SEER incidence rates used in the model will need to be updated over time (currently, 1987 rates are used for white women). In addition, better models, with greater discriminatory accuracy, need to be developed if such models are to be used in clinical decision making. Finally, an additional issue regarding use of the model in the clinical setting involves risk communication. The concept of risk is a difficult one to explain to the lay public, many of whom are concerned with answers to dichotomous personal questions such as, "Will I get this disease in the future?" "Should I take this action in order to prevent possible disease?" Women in the United States are particularly anxious about breast cancer, they greatly overestimate their risk of this disease both in the short term and over their lifetime (25) , and they have a strongly disproportionate fear of this disease relative to other adverse health events (25) . Estimated 5-year risks of breast cancer from the Gail et al. model 2 will be low, in an absolute sense, for virtually all women. Even a 50-year-old woman with a high 5-year risk of 4% still has a 96% chance of remaining free of breast cancer over the 5-year period, and this should be clearly communicated. †Sensitivity ‫ס‬ proportion of all women who developed breast cancer over a 5-year follow-up who had an estimated 5-year risk of ജ1.67%.
‡Specificity ‫ס‬ proportion of all women who remained free of breast cancer over a 5-year follow-up who had an estimated 5-year risk of <1.67%.
Careful counseling is needed to ensure that such a woman can understand why her risk is high enough that chemoprevention should be considered and yet, at the same time, understand that she is not likely to get breast cancer in the near future, regardless of her decision about chemoprevention. In the clinical setting, where the Gail et al. model 2 is proposed for use as an aid in decision making, most women will be concerned with the question, "Will this drug prevent a case of breast cancer for me, or will it cause something else?" A statistical model cannot address this question at the individual level well.
